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Abstract 
Uzbekistan solar roadmap aims to identifying gaps which have to be addressed to enable the conditions under which solar energy 
can be developed in agreement with the country and government vision of sustainability.  
The roadmap has been prepared based on solar energy deployment scenarios built from forecasts on electricity demand and 
energy mix for Uzbekistan combined with plausible solar technology, investment, O&M and conventional energy evolution. 
Several implementation plans have been prepared and its requirements and impacts have been quantified: energy produced; land, 
water and investment needed; employment and cost of the energy. 
Taking into account the current situation in Uzbekistan, forecasted international environment and constraints, an action plan for 
the main stakeholders has been proposed. Its feasibility has been checked and a feed-back methodology has been developed to 
adjust the implementation plan to the constraints.  
The methodology and quantitative models developed are presented as well as the forecasted impacts and constraints. 
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1. Introduction 
The energy mix in Uzbekistan is dominated by fossil fuel-fired thermal power stations, 85% use natural gas, 8% 
heavy oil and 7% coal, total installed capacity is 12.4 GW. Uzbekistan has an ambitious plan to upgrade and increase 
capacity; currently, it holds around 50% of the total Central Asia interconnected system capacity with an annual 
production equal to 52 TWh [1]. In 2009, 45.43 TWh of electrical energy were used in Uzbekistan [2]. 
 
The fact that fossil fuel scarcity will start suffocating Uzbekistan in 10 to 12 years for oil reserves; 28 to 30 years 
for natural gas reserves and 40 to 50 years for coal reserves jointly with the need of modernization of several 
existing power plants results in the urge to find alternative solutions to supply energy [4]. 
 
The development of solar energy-based production plants is an option which would contribute to sustainability, to 
liberate national natural gas for other higher value added uses (exports or natural gas chemistry) and to future 
country energy security. 
 
Nomenclature 
ܥ௬௘௔௥  Investment cost for each technology each year 
ܧ Energy produced using solar energy 
ܧ଴ Energy produced using solar energy the first year 
ܮܥܱܧ Leveraged Cost of Energy 
௬ܲ௘௔௥  Global installed capacity of a solar technology each year 
PR One minus Learning Ratio 
2. Methodology 
2.1. Basis 
The global methodology is described in Figure 1 General methodology 
Figure 1 General methodology 
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The key input is the Implementation Plan for solar energy development coherent with an energy mix scenario 
proposed for Uzbekistan built upon the forecasted demand and supply of energy estimated for the country. Based on 
the yearly increase of solar capacity per technology, state of the art requirements and their forecasted evolution, the 
economical impacts and requirements are calculated taking into account the international environment. Based on 
these quantitative results an action plan is prepared and its feasibility checked with the stake holders to verify its 
feasibility. Finally, if needed, adjustment is made in the implementation targets so that the plan is compatible with 
constraints, such as: (budget, human resources, materials availability, policy, local industry development, etc.)  
2.2. Energy to be supplied using solar technologies 
Three basic scenarios: neutral, optimistic and pessimistic, were defined on the amount of solar energy that would 
be fed into the grid. The scenarios are coherent with: covering the national conventional energy production versus 
consumption gap (taking into account the forecasted: demand growth scenarios and the forecasted increase in 
conventional installed capacity) and achieving the goal of 21% renewable in 2031. Wind and solar energy have an 
equal share and a target of 1TWh/year was set for biomass and 5.7 TWh/year for hydropower. The scenarios are 
summarized in  
 
 ܧ ൌ ܧ଴ ൅ ܣሺݕ݁ܽݎ െ ݕ݁ܽݎ଴ሻఈ            (1)  
where E0 = 100 MW and D = 2.5  for all scenarios in 2015, A = 1.56, 14.88 and 47.11 for pessimistic, neutral and 
optimistic respectively. 
2.3. Yearly increase capacity for the three scenarios considered. 
For these three scenarios, the yearly increase in installed capacity has been shared between Photovoltaic (PV) and 
Concentrated Solar Power (CSP) (6:5 ratio in 2020 and 5.7:1 ratio in 2030) following (2) with a limit of 10% of total 
installed capacity for PV technologies (grid stability).  
For PV technology, as the capacity factor is only linked to the meteorological conditions, it is kept constant 
during time and equal to 18% as an average value for Uzbekistan, which has been calculated by modelling fix tilt PV 
power plants in 25 adequate Uzbekistan locations using Solar Advisor Model (SAM). 
The capacity factor for CSP has been assumed to increase linearly 1% yearly from 22% in 2014 (average for 50 
MW CSP parabolic trough without storage modelled in 25 good Uzbekistan locations using SAM)  
To estimate efficiency evolution both of CSP and PV technologies, the figures proposed by [6] [7] have been 
used. 
Thus, splitting the yearly increase of solar energy to be supplied between PV and CSP and later taking into 
account the capacity factor the yearly increase in capacity is estimated. The value has been compared with a pipeline 
of feasible projects in Uzbekistan and, after priorities where defined, an implementation scenario has been built for 
the next ten years. From 2024 till 2031, no adjustment has been made on the capacity increase calculated.  
2.4. Cost benefit analyses 
The following cost/benefits have been considered (all calculations are made in constant 2012 USD): 
 Cost of solar energy generation  
 Combined Cycle Gas Turbine (CCGT) substitutive cost 
 Profits from selling saved natural gas in the international market. 
 Profits from CO2 saving 
Where two scenarios are compared: All energy is produce using CCGT versus all energy is produced using solar 
and saved gas is sold outside Uzbekistan as well as carbon credits. 
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Solar real leveraged cost of energy (LCOE) evolution is evaluated for PV by means of eq. 2.  where A and n 
coefficients are those that better adjust to IEA (4) forecast, while b value is such that LCOE is equal to 137 
USD/MWh in 2012 and CSP by means of eq.3, where n and b coefficients are those that better adjust to the IEA [8] 
forecast while A value is such that LCOE is equal to 223 USD/MW in 2012.  Initial LCOE values have been 
calculated taking into account: meteorological conditions in Uzbekistan (SAM model was run for 25 possible 
projects), current fiscal system in Uzbekistan, 20 year loan with 5% real interest rate and three years grace period, 
70% leverage ratio, 10% real discount rate and investment and operation and maintenance costs (O&M) as described 
later.  
 
ୌ୔ ൌ  ή ሺ െ ʹͲͳʹሻି୬ ൅ Ǣ  ൌ ͹ͳǤʹͲ ୙ୗୈ୑୛୦୷ୣୟ୰ Ǣ  ൌ െͳǢ  ൌ ͶͶǤͺ͵
୙ୗୈ
୑୛୦     (2) 
୔୚ ൌ  ή ି୬ήሺ୷ୣୟ୰ିଶ଴ଵଶሻ ൅ Ǣ  ൌ ͳͲ͹ǤͲͶ ୙ୗୈ୑୛୦ Ǣ  ൌ
଴Ǥଶସ
୷ୣୟ୰ Ǣ  ൌ
ଶଽǤ଻଻୙ୗୈ
୑୛୦        (3) 
The solar energy generation costs are compared with the cost of generating the same energy using combined 
cycle gas turbine which is the trend which Uzbekistan is following.  The LCOE for gas based generation has been 
estimated from [9] combined with gas price evolution from [10]. The benefits from selling the  unused natural gas 
have been calculated from the above calculated cost gas price and energy required deducting a cost estimation for 
the natural gas value chain. CO2 market is rather volatile and it is not easy to forecast its evolution, 14 USD/ton CO2 
has been used as a reference value, while the emission factor has been evaluated from Uzbekistan Designated 
National Authority.  
2.5. Solar power plant total investment 
In order to calculate the investment a classical learning curve model (5) has been used where the installed 
capacity for the different technologies has been evaluated from [8] and [12], Learning Ratio (LR), PR=1-LR, has 
been set up for the different solar components and BOP for PV and CSP technologies. 
ܥ୷ୣୟ୰ ൌ ܥ଴ ή ቄ௉೤೐ೌೝ௉బ ቅ
୪୭୥ሺ௉ோሻ
୪୭୥ሺଶሻ൘           (4)
  
2.6. Jobs creation 
An estimation of how many jobs (indirect, direct, induced) are generated per MW of installed capacity has been 
made based on information collected from existing plants 
 
Table 1. Jobs during construction 
Jobs during construction  
CSP 50 MW power plant PV 5 MW power plant 
Construction direct jobs 300 Construction direct jobs 60 
Construction related services 108 Construction related services 20 
Equipment and supply chain 405 Equipment and supply chain 10 
Induced 312 Induced 30 
Total 1125 Total 120 
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Table 2. Jobs during operation and Maintenance  
Jobs during O&M 
CSP 50 MW power plant PV 5 MW power plant 
On-site labour 23 On-site labour 3 
Local revenue and supply 
chain 21 Local revenue and supply chain 1 
Induced 20 Induced 2 
Total 64 Total 6 
2.7. Land needs 
The land needed each year to increase both PV and CSP capacity has been calculated taking into account the 
increase in efficiency and in capacity factor. The initial year for calculation is 2012, when the land needed has been 
estimated to be equal to 3 ha/MW for PV and 5 ha/MW for PV and CSP corresponding to the capacity factors and 
efficiency described in 2.3. 
3. Results 
3.1. Cost for society  
Cost for society evaluates the impact that solar energy development will have on Uzbek population if compared 
to a fully conventional energy generation scenario. Reaching parity between the benefit from natural gas savings 
plus reduction of CO2 emissions and the higher LCOE (compared to CCGT) sets the point on which costs for 
society become benefits. 
Benchmarked technologies have to be evaluated under the same conditions to obtain reliable results. Therefore, 
CCGT energy generation has to be striped of any subsidy or privileged policy that represents a difference towards 
PV and CSP energy generation. 
The execution of the solar development plan would liberate natural gas for higher value added uses, would 
decrease the CO2 emission (possible source of income), would avoid the increase of fossil fuels costs and would 
increase energy supply security leading to profits for society in the long run. 
Here again, free disposal of fuel is one of the main advantages of Renewable Energy Sources RES electricity 
generation technologies against CCGT. Consequently, the price paid by conventional power plants for natural gas is 
fixed to actual market levels. [13] 
Figure 2. CSP technology cost of energy compared with CCGT cost of energy (non renewable development). Optimistic Scenario. (USD / MWh) 
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Leveraged cost of energy estimations are particularly sensible to variations on equipment costs, labour costs and 
fuel costs. For instance, the estimated impact of increasing fuel costs 50% is a consequent 35% rise of LCOE.(9) 
Figure 3. Photovoltaic technology LCOE compared with CCGT LCOE (non renewable development). Optimistic Scenario.( USD / MWh) 
 
 
Figure 4. Cost for society evolution over the years (Mill USD). All scenarios. 
The aggregated cost for society is shown in Figure 4 where it can be seen that from 2027 in the neutral and 
positive scenarios the solar program will have a positive impact. 
3.2. Energy mix 
Figure 5 shows the proposed energy mix in 2030 where solar energy accounts for: 15% in the optimistic scenario 
(10% PV and 5% CSP), 5% in the neutral scenario (4% PV and 1% CSP), and 0.8% in the pessimistic scenario 
(0.5% PV and 0.3% CSP), 5% of total energy generated. 
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Figure 5. Proposed energy mix in 2030. All scenarios. 
 
4. Constraints 
4.1. Land needed 
The needed land in comparison with the total surface of Uzbekistan for the generation scenarios in 2031 is, 
consecutively, 0.7%, 0.2% and irrelevant (Optimistic, Neutral and Pessimistic). An analysis of land availability has 
been made taking into account technical, social and environmental aspects leading to enough waste land to develop 
the solar program. 
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Figure 6.Technically suitable areas for solar energy production installation. 
Location of the power plant which have been selected  benefit from the location of already built substations and 
from the power generation and consumption hubs. Figure shows a map of the Republic of Uzbekistan, indentifying 
the existing hubs and deficit (-) or surplus (+) on the energy generation-consumption balance and fluxes among 
them. 
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Figure 7. Map of the Republic of Uzbekistan with actual generation / consumption hubs and energy generation-consumption balance in each.(1) 
In Figure7, the blue equal sign represents self-sustainable regions, the red minus represents regions with power 
deficit and the green plus represents regions with power surplus. Green arrows provide information about power 
flows compensating deficits and surpluses.  
4.2. Labor needed 
An essential factor to turn the solar energy project into a reality is the workforce needed to build, operate and 
maintain solar energy power plants. Forecasted jobs created for photovoltaic professionals in 2013 are close to 
1,200. To face this constraint, to carry on a specialized capacity building program is recommended. 
 
Figure 8. Percentage of jobs dedicated to PV and CSP and differentiation by field (Construction, O&M)1 
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4.3. Investment 
Investment requirements, both equity and financing, will grow as the solar program develops up to 3 billion in 
2030 in the optimistic scenario. In the first stages, the process can be managed locally, complemented with soft 
financing, but if pace is to be kept international investment would be needed. 
4.4. Water use 
Due to the water scarcity in Uzbekistan and the salinity of the existing resources, dry cooling will be needed to 
develop the CSP program. 
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